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This  study  used  the  guinea  pig  kerutuconjunetivitis  model  to  examine  the  importance  of  route  of  adminis¬ 
tration  Imueosal  versus  parenteral),  frequency  and  timing  of  immunization  (primary  versus  boosting  immu¬ 
nization),  and  form  of  antigen  given  (live  attenuated  vaccine  strain  versus  O-antigen-protein  conjugate)  on  the 
production  of  protective  immunity  against  .Shigella  infection.  Since  local  immune  response  to  the  lipopolysac- 
charide  (LPS)  O-antigen  of  .Shigella  spp.  is  thought  to  be  important  for  protection  against  disease,  O-antigen- 
speciftc  antibody-secreting  cells  (ASC)  in  the  spleen  and  regional  lymph  nodes  of  immunized  animals  were 
measured  by  using  an  ELiSPOT  assay.  Results  indicated  that  protective  etiicacy  was  associated  with  a  strong 
O-antigen-speciRc  ASC  response,  particularly  in  the  superficial  ventral  cervical  lymph  nudes  draining  the 
cunjunctivae.  in  naive  animals,  a  strong  ASC  response  in  the  cervical  lymph  nudes  and  protection  against 
challenge  were  detected  only  in  animals  that  received  a  mucosal  immunization.  Protection  in  these  animals  was 
increased  by  a  boosting  mucosal  immunization.  While  parenteral  immunization  alone  with  an  O-antigen- 
protein  conjugate  vaccine  did  not  protect  naive  animals  against  challenge,  a  combined  parenteral-mucosal 
regimen  elicited  enhanced  protection  without  the  addition  of  a  boosting  immunization.  Although  O-antigen- 
speciRc  serum  immunoglobulin  A  titers  were  signiRcantly  higher  in  animals  receiving  a  mucosal  immunization, 
there  was  no  apparent  correlation  between  levels  of  serum  antibody  and  protection  against  disease. 


Shigcllac  arc  cnlcric  pathogens  that  invade  the  human 
colonic  epithelium  and  multiply  intraeellularly.  causing  bacil¬ 
lary  dysentery.  Shigellosis  is  particularly  prevaleiK  in  develop¬ 
ing  countries,  but  it  is  also  found  in  industrialized  countries, 
especially  in  institutional  settings.  It  has  been  estimated  that 
shigellosis  is  responsible  for  more  than  half  a  million  deaths  a 
year,  mostly  in  young  children  (,TS).  making  the  development 
of  a  safe  and  elfective  Shigella  vaccine  an  important  goal. 
Epidemiological  evidence  has  indicated  that  naturally  acquired 
immunity  to  shigellosis  is  species  and  serotype  specific  (2, 4.  12. 
17.  2b),  and  there  is  also  evidence  that  the  presence  of  serum 
antibodies  against  the  lipopolysaccharide  (I. PS)  O-antigen  are 
associated  with  protection  against  disease  (2.  .4.  ,S).  I'hus,  the 
I.PS  O-antigen  may  be  a  critical  antigen  in  the  development  of 
protective  immunity  against  disease. 

Local  immunity  is  thought  to  play  an  important  role  in 
defense  against  bacterial  enteropathogens  like  shigellae  that 
infect  mucosal  surfaces  ( 14.  20).  After  earlier  studies  demon¬ 
strated  that  parenteral  immunization  with  live  or  killed  shigel¬ 
lae  did  not  protect  against  infection  (II,  LS.  .47).  recent  elforts 
have  emphasized  the  development  of  orally  administered 
attenuated  vaccine  strains  to  induce  mucosal  immunity  to 
Shigella  antigens  (4.  10,  21.  24-27).  Although  several  candi¬ 
dates  have  shown  promise,  the  development  oi  a  safe  and 
ellicacious  Shigella  vaccine  has  been  a  ditlieult  task.  Therefore. 
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maximizing  the  protective  immunity  produced  by  ti  vaccine 
against  shigellosis  is  crucitil. 

The  ability  of  shigelkte  to  instide  the  cornc;il  epithelia  of 
guinea  pigs  and  to  spretid  to  cttntigiious  cells,  eausing  kerato¬ 
conjunctivitis.  provides  a  model  system  to  test  the  virulence  of 
Shigella  strains  tind  the  protectise  ellicttcy  and  immunogenicits 
of  Shigella  vaccines  ( lb.  .sb).  In  the  present  study,  the  guine;i 
pig  keratoconjunctivitis  model  was  used  to  extimine  the  elfect 
of  route  of  iidministriition  (niueosal  \ersus  p;irentcr;il).  fre¬ 
quency  of  immunizjition  (primary  versus  boosting  immuniza¬ 
tion).  and  form  of  tintigen  given  (live  titteiuiiited  saeeine  strain 
versus  ()-;intigen-protein  eonjugtile)  on  the  induction  of  pro¬ 
tective  immunily  agtiinsi  disctise  in  nai\e  animals  tind  lo 
examine  the  rekitionship  of  the  serum  ;ind  loctil  immune 
responses  genertited  by  immunization  to  protection.  I  lolmgren 
ct  al.  (14)  proposed  lhai  deicrmintition  of  (he  aniiboily  re¬ 
sponse  against  protecti\e  antigens  at  the  mucosal  site  of 
antigen  stimukition  m;iy  represent  ;i  moie  accurate  represen¬ 
tation  of  the  local  immune  response  Ihtin  the  measurement  of 
antibodies  in  body  Iluids  where  degnidation  ;ind  half-life  of 
iintibody  moleeules  intUienee  the  ;iecur;icy  of  antilyses.  Mea¬ 
surement  of  iintibody-secreting  cells  (A.SG)  in  regiomd  lymph 
noiles  or  mucosal  tissues  h;is  been  used  in  ;i  vtiriety  of  systems 
to  determine  the  local  immune  response  to  ;i  specilie  tintigen 
tmd  has  been  shown  to  correlate  with  levels  of  secretory 
immunoglobulin  A  (secretory'  IgA)  (S.  1.4.  2S.  42).  In  this  study, 
the  local  immune  response  to  the  LI’S  O-tintigen  induced  by 
immunization  wtis  determined  by  metisuring  the  O-antigen- 
spccilic  ASC  in  the  regiontil  lymph  nodes  draining  the  eye.  the 
site  of  immuniztition  tind  infection,  and  in  the  spleen.  I’eyer's 
patches,  and  other  lymph  nodes  by  using  the  enzyme-linked 
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ininiunospDt  (LLISPOT)  assay.  The  scrum  anlibdtly  response 
to  the  eVantigen  was  determined  tdter  immuni/ation.  In 
iiddition.  since  previous  experiments  have  suggested  that  par¬ 
enteral  priming  followed  hy  mucosal  immunization  enhances 
the  mucosal  response  to  Sliif^clla  antigens  (22),  studies  were 
designed  to  test  whether  combination  regimens  increased  the 
protective  elficacy  against  disease. 

MATERIALS  AND  METHODS 

Bacterial  strains  and  vaccines.  The  virulent  strain  Sliit;i’lla 
flcxiwri  serotype  2a  24,S7T  w;is  obtiiined  from  the  Walter  Reed 
Army  Institute  of  Research  collection  and  used  to  challenge 
guine;i  pigs.  When  used  for  challenge,  the  strain  was  (irst 
streaked  r)n  Congo  red  plates  (ll.tlKf  Congo  red  dye  [Dll'co 
Laboratories,  Detrtrit,  Mieh.]  in  Tryptiease  soy  agtir  (Difeo); 
Congo  red-positive  colonics  were  then  selected  and  spread  for 
growth  on  Tryptiease  soy  agar  plales  anil  grown  overnight  at 
,47  ('.  .Stiniples  were  harvested  the  next  day  with  10  ml  of 
phosphate-bullered  saline  (PBS),  and  the  suspension  was  used 
for  challenge.  The  inoculum  was  determined  hy  colony  counts 
on  Tryptiease  soy  ;igar  plates.  Vaccine  strain  HcSf2a-2  is  an 
nro/)-delcted  lisclwrichia  coli-S.  jk'xncri  2;i  hybrid  Viiccine 
ciirrx  ing  Shii’clla  chromosomal  and  plasmid  genes  in  an  coli 
background  (27).  The  vaccine  lot  used  in  this  study  was 
prepared  by  the  Salk  Institute  (Swift  Water.  Pa.)  ;is  described 
previously  (16).  For  immunization,  lyophiliz.ed  bacteria  were 
rehydralcd  in  .4  ml  of  sterile  distilled  wtiler  and  kepi  on  ice  for 
.40  min  with  repeated  swirling.  The  polysaccharide-protein 
conjugate  vaccines  (.4,  ,44.  .4.4)  used  in  this  study  were  a 
generous  gift  of  John  B.  Robbins.  Nationtil  Institute  of  Child 
FJciilth  and  Humtin  Development.  Belhesd;i.  Md.  The  vaccine 
directed  against  homologous  shigellae  consists  of  the  O- 
specilic  side  ehtiin  of  .S',  jlexiwri  2a  conjugated  to  PsciuloiiKiiias 
luruf’inosa  exoprotein  A  (.4(1  tcg  ml).  The  heterologous  vaccine 
used  in  this  study  consists  of  the  ()-specitic  side  chain  of 
Slii^clki  sound  conjugated  to  acntffnosu  exoprolein  A  (.40 
Hgml).  The  nonshigellae  control  used  in  this  study  was  Pnni- 
moan  ciis  type  6A  polysaccharide  conjugated  to  tetanus  toxoid 
( 100  pg'ml). 

Immunization  regimens.  Vaccination  regimens  were  varied 
by  route  of  administration  and  the  frequency  and  timing  of 
immunization,  as  shown  in  Ttible  I.  In  eacli  immunization 
group,  there  were  4  to  10  animals,  as  shown  in  Tables  2  to  4. 
The  hybrid  E.  coli-S.  Jlcxiwri  2a  vaccine  strain  LcSf2a-2  (27) 
was  administered  by  a  mucosal  route,  i.e.,  ocular  inoculation, 
by  using  it  primary  immunization  only,  ;is  in  protocol  M.  or 
primary  and  boosting  immunizations,  as  in  protocol  M-B.  A 
polysaccharide-protein  conjugate  vaccine  consisting  of  .S',  flcx- 
neri  2a  O-antigen  conjugated  to  P.  acnipnosa  exoprotein  A  (.4, 
.44.  .44)  was  administered  intniperitoneally  (i.p.)  by  using 
aluminum  hydroxide  as  the  adjuvant,  either  in  a  single  dose 
(protocol  IP)  or  with  two  boosting  doses  (protocol  IP-B).  Two 
combintition  p:ircnter;d-mucosal  regimens  were  tested  (proto¬ 
cols  IPM  and  IPM-B.  which  included  a  boosting  dose  of 
F.cSf2;i-2).  Nonimmunized  animals  were  used  to  determine 
background  retidings  (protocol  NC')  and  as  controls  in  protec¬ 
tion  experiments.  Immunization  with  an  unrelated  polysaccha¬ 
ride  conjugtite  (protocol  IPC).  Pneumococcus  type  6A  polysac¬ 
charide  conjugiited  to  tetanus  toxoid,  was  used  as  a  control  to 
ensure  that  nonspecific  immunity  induced  by  administration  o! 
a  polysaccharide  conjugate  was  not  responsible  for  protection 
iigainst  virulent  challenge  or  for  the  local  immune  response  to 
.Sliif’dla  O-antigen.  To  determine  whether  the  priming  inOti- 
ence  of  the  parenterally  administered  0-;mtigen-protein  con- 
jugale  was  the  result  ol  serolype-specilic  slimiihilion.  a  heisi- 
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0.125  ml  of  normal  saline  anil  0.25  ml  ol  aluminum  hyvlroxije. 


ologous  0-;mtigen  conjugfite  in  which  .S',  sound  ()-;iniigen. 
which  is  not  cross-reuelivc  wilh  .S'.  Ilcxncri  O-fintigen.  was 
conjugated  to  exoprolein  A  w;is  used  in  the  initifil  pfirenteral 
immunization  (protocol  IPM-son).  I-'or  fiddilional  studies  on 
the  protective  ellicfiey  of  the  combined  parenterfil-mucosal 
regimen,  immunizations  were  done  by  using  a  subeutfineous 
(s.c.)  route  of  fidminislration  for  the  parenler;il  immunization, 
rite  S.  Ilcxncri  2;i  polysiiceharide-protein  conjugfite  xficcine  was 
adminislercd  twice  subculiineously  (protocol  IP-B-SC).  Three 
combination  regimens  were  tested  (protocols  IPM-SC.  1PM- 
B-SC.  and  MIP-SC).  In  MIP-SC'.  the  piinifii'y  dose  wtis  given 
mucosally,  and  the  boosting  dose  was  given  subcutfineously.  A 
regimen  using  primary  and  boosting  mucosal  doses  of  FcSf2fi-2 
(protocol  M-B(a)|  was  also  included  in  this  experimental 
group. 

Iiiimunizaliun  of  animals.  Ocular  immunizations  were  done 
as  described  previously  (16).  In  the  case  of  the  live  LcSf2a-2 
vaccine,  bacteria  were  rcconsiiluled  iis  described  in  "Baclerial 
strains  and  vaccines"  above,  and  11.04  ml  was  inoculated  into 
each  eye  of  the  animals.  For  etieh  imnuiniziilion.  the  inoculum 
was  determined  by  colony  counis  on  Trypticfise  soy  agiir  plates; 
the  fiverage  dose  wfis  2  x  llTtod  x  IIP  (TT)  per  eve.  F'or  i.p. 
administration  of  the  polysaechfiride-protein  conjugate  \;ie- 
cincs,  the  vaccine  was  thoroughly  mixed  with  an  equal  volume 
of  alurninum  hydroxide  suspension  (Imject  Alum:  Pierce 
Chemical  Co.,  Rockford.  III.)  prior  to  injection.  The  dose  of 
the  .V.  ficxncri  2;i  find  the  ,S'.  sound  conjugfite  vaccines  was  11.24 
ml  off!  40-(j.g  ml  solution,  which  is  live  times  the  dose  used  for 
iiiimunogcnicily  studies  in  mice  (.4):  the  dose  of  the  Pneumo- 
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COCCUS  vaccine  used  as  a  control  was  0.125  ml  of  a  100-|xg,''ml 
solution,  s.c.  administration  did  not  use  the  alum  adjuvant;  at 
least  four  immunizations  were  given  under  the  front  legs  and 
on  the  back  of  the  animal  at  the  same  doses  used  for  the  i.p. 
immunizations. 

Research  was  conducted  in  compliance  with  the  Animal 
Welfare  Act  and  other  Federal  statutes  and  regulations  relat¬ 
ing  to  animals  and  experiments  involving  animals  and  adheres 
to  principles  stated  in  the  (inkle  for  (  arc  and  Use  ofl.abonilory 
Aniiiwls  (2ha). 

Protection  studies.  Fourteen  days  after  the  last  immuniza¬ 
tion.  the  animals  were  challenged  with  virulent  .V.  jlexneri  2a 
strain  24571'  at  a  dose  of  4  X  10'''  to  5  x  KF  CFU  per  eye.  as 
determined  by  colony  count  of  the  inoculum.  After  challenge, 
the  animals  were  examined  for  7  days  for  development  of 
keratoconjunctivitis.  The  degree  of  keratoconjunctivitis  was 
rated  on  the  basis  of  time  of  development  and  severity  of 
symptoms  ( 10)  fo.'  -.cverity  of  infection  in  the  eyes  of  animals 
was  rated  after  challenge  by  the  following  four-point  scale:  (t. 
no  disease  or  mild  irritation:  1.  mild  keratoconjunctivitis  or  late 
devekrpment  and/or  rapid  clearing;  2.  keratoconjunctivitis,  but 
no  purulence;  .4.  fully  developed  keratoconjunctivitis,  with 
purulence.  A  rating  for  each  animal  was  determined  by  the 
highest  eye  rating.  Protection  was  defined  as  follows:  full 
protection,  no  disease  or  mild  irritation  (score  i>f  0);  partial 
protection,  mild  keratoconjunctivitis  or  late  development 
and/or  rapid  clearing  (score  of  I );  combined  protection,  full  or 
parttal  protection  (score  of  0  or  I). 

Preparation  of  cells  for  ELISPOT  assay.  Animals  were 
sacrificed  by  injection  with  sodium  pentobarbital,  :ind  the 
spleens,  regional  lymph  nodes  (superficial  ventral  cervical 
lymph  nodes  [SVC'I..N|,  mandibular  nodes  [MDl,N|.  and  mes¬ 
enteric  nodes  (M.Sl.Nj).  and  Peyer's  patches  (PP)  were  har¬ 
vested,  After  the  lymph  nodes  were  teased  to  release  the 
lymphoeyle's.  the  cell  suspension  wtis  put  through  a  sterile 
screen  to  remove  debris  and  washed  once  with  RPMl  1641) 
medium  (GIBCO  Laboratories.  Gaithersburg.  Md.)  containing 
15  pg  of  gentamicin  (GIBCO)  per  ml.  The  erythrocytes  in  a 
single-cell  suspension  of  the  spleens  were  lysed  with  erythro¬ 
cyte  lysing  butler  (Signiii  Chemical  Co..  St.  Louis.  Mo.)  and 
washed  an  additional  time  with  40  ml  of  RPMI  1640  medium. 
Cells  were  counted  and  suspended  in  RPMI  1640  medium  with 
IOC  fetal  calf  serum.  2  mmol  of  i  -glutamine  per  liter,  and  15 
pii  of  gentamicin  per  ml  at  2.5  X  10'’  cells  per  ml, 

ELISPOT  assay.  The  O-antigen-specific  ASC  response  of 
the  animals  to  immunization  and  challenge  was  determined  by 
using  a  modification  of  the  FiLISPOT  assay  based  on  the 
method  of  Czerkinsky  et  al.  (7).  Briefly,  each  well  of  %-well 
microtiler  plates  (Nunc-lmmuno  Maxisorb  plates:  Nunc.  Ros- 
kilde.  Denmark)  was  coated  with  I  pg  erf  S.  JleMieri  2a  LPS 
(prepared  by  the  method  of  Westphal  and  Jann  (41 1)  in  20  niM 
NaX'O,  bulTer  (pH  0.6)  or  with  carbonate  bull'er  alone.  After 
being  washed  once  with  PBS.  the  plates  were  blocked  with  5'’7 
fetal  calf  serum  in  PBS  for  I  h  and  washed  with  PBS  prior  to 
use.  Prepared  cells  were  dispensed  at  100  pi  per  well,  and  the 
pliiles  were  incubated  for  4  h  at  .47'’C  in  a  humidified  CO, 
incubator.  After  incubation,  the  plates  were  washed  four  limes 
with  PBS-0.05'')  Tween  20  (PBS-'Fween).  10(1  pi  of  anti-guinea 
pig  IgCi.  IgA,  or  IgM  (ICN  Laboratories)  per  well  was  added 
(anti-guine:i  pig  IgG,  1:1.200  dilution  in  casein  solution,  con¬ 
sisting  of  20  g  of  casein  and  2.0  g  of  sodium  azide  in  PBS  per 
liter  [pH  7.2  to  7.4|;  anti-guinea  pig  IgA  and  IgM,  1:800 
dilution ),  ;ind  the  plates  were  ineubaled  al  4°C  overnight.  After 
the  plates  were  washed  with  PBS-T'ween.  100  pi  of  gotil 
anti-rabbit  IgCi  conjugated  to  alkaline  phosphatase  (Sigma)  at 
a  1:1.200  dilution  in  casein  was  ailded  to  each  well,  and  the 


plates  were  incubated  for  2  h  al  sTC.  After  the  plates  were 
washed  with  PBS-'Fween,  to  each  well  was  added  100  pi  of  a 
melted  agarose-substrate  overlay  (0.7''7  type  1.  low-LLX)  (elec- 
troendosmosis]  agarose  |Sigma|  in  100  ml  of  barbital  butter 
|pH  6.6)  [Sigma)  containing  0.4  ml  of  I  M  MgCI,  and  2  ml  of 
BCIP  [5  mg  of /)-toluidine  salt  of  5-bromo-4-chloro-,4-indolyl 
phosphate  toluidinium  per  ml  ISigma)  in  I  ml  of  ,V,.V-dimelhyl 
i'ormamide)).  Antigen-specific  ASC  were  visualized  as  blue 
spots,  which  were  counted  with  u  slereomicroscope  and  re¬ 
corded  as  ASC  per  10'’  cells. 

ELISA.  An  enzyme-linked  immunosorbent  assay  was  used  to 
t|uantitate  the  serum  antibody  response  to  S.  flexneri  2a  LPS  as 
described  previously  ( 16)  but  with  modifications  to  measure  all 
isotypes.  The  LPS  antigen  was  diluted  to  a  concentration  of  10 
pg''ml  in  carbonate  coating  butter  (described  above),  the  wells 
of  polyvinyl  microtiter  plates  (Dynalech  Laboratories.  Inc.. 
Chantilly.  Va.)  were  coated  with  50  pi  of  LPS  solu'ion  or 
carbonate  butter  alone,  and  the  plates  were  incubated  over¬ 
night  at  4  C',  After  being  washed,  the  plates  were  blocked  with 
casein  solution  for  I  h  at  .47’  C.  After  washing  the  plates  with 
PBS-Tween.  guinea  pig  sera,  serially  diluted  twofold  in  casein 
butter,  were  added  to  the  wells,  and  the  plates  were  incubated 
for  2  h  at  47  C'.  After  washing  the  plates.  50  pi  of  anti-guinea 
pig  IgG,  IgA,  or  IgM  (ICN  Laboratories)  in  the  dilutions  used 
in  the  ELISPO  T  assay  was  added  to  each  well,  and  the  plates 
were  incubated  for  2  h  at  47''C.  After  the  plates  were  washed. 
50  pi  of  a  1:1,200  dilution  in  casein  of  goat  anti-rabbit  IgG 
conjugated  to  alkaline  phosphatase  (Sigma  Laboratories)  was 
added  to  each  well.  After  a  2-h  incubation  at  47  C.  the  plates 
were  washed  with  PBS-Tween  and  100  pi  of  the  substrate  (a 
l-mg/ml  concentration  of  p-nitrophenyl  phosphate  in  1  M 
diethanolamine  butter.  (pH  6.8).  containing  0.5  inM  MgCL) 
was  added  to  each  well.  Optical  density  was  read  at  405  nm. 
Endpoint  titers  were  delined  as  the  last  dilution  having  an 
optical  density  of  0.1  or  greater  above  that  of  the  background 
wells  (carbonate  butter  only).  Titers  of  sera  obtained  from  the 
animals  prior  to  immunization  were  used  to  determine  back¬ 
ground  titers:  these  values  were  <25  for  IgA  and  IgM  and  <50 
for  IgG  in  all  animals. 

Statistical  analysis.  To  determine  the  magnitude  and  timing 
of  the  local  response  to  critical  Sliiyelln  antigens,  the  ASC 
counts  for  the  SVCLN.  spleen.  PP.  and  other  nodes  (MSLN 
and  MDLN)  were  plotted  for  each  animal.  Similar  plots  were 
constructed  for  each  immunization  group  for  ASC'  data  ob¬ 
tained  at  14  days  postimmunizalion  (n  =  2  in  each  group)  and 
7  to  8  days  postinfection  (n  =  2  in  each  group).  C/ieometric 
mean  serum  titers  (  ±  standard  error)  were  used  to  summarize 
the  serum  immune  response  (IgG,  IgA.  and  IgM)  obtained  at 
14  days  post  immunization  (/;  =  4  in  each  vaccine  group). 
l-'ret|ucncy  distributions  of  the  infection  severity  rankings  and 
cvtrresponding  protection  rates  were  used  to  summarize  pro¬ 
tection  data  from  challenge  experiments  (/i  =  4  to  8  for  each 
group).  Two-way  analysis  of  variance  (ANOVA)  was  used  as 
part  of  the  overall  data  analysis  strategy  to  assess  the  difler- 
enccs  in  outcome  measures  due  to  the  effects  of  (i)  route  of 
administration  (M.  IP.  IPM).  (ii)  boosting  dose  (presence  or 
absence),  and  (iii)  the  interaction  of  route  and  booster  (44). 
.Serum  titer  data  were  log  transformed  (base  10)  in  all  analyses. 
In  the  case  of  the  infection  severity  ratings  (ordinal  data),  this 
corresponds  to  the  rank-transform  method  (6).  When  overall 
difl'erences  (by  ANOVA)  were  significant  (/’  <  0.05),  specific 
comparisons  (by  ANOVA  mean  sciuare  error)  were  made  (e  g,, 
all  mucosal  (M.  M-B.  IPM.  and  IPM-B)  versus  parenteral  only 
(IP  and  IP-B)).  The  unpaired  i  test  (ASG  or  log  titer  ilata)  or 
Wilcoxon  rank  sum  lest  (severity  ninking)  was  used  to  compare 
two  groups  (44).  All  /’values  for  comparing  two  groups  arc  I  wo 
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silled.  I  he  Minitah  sDtiware  sysieni  (version  S.2;  Minitah,  Ine., 
Stale  College.  Pa.)  vvtis  used  to  ettrry  out  till  statisiieal  analvses. 

RESULTS 

Measurement  of  ()-antigen-specitic  ASC  in  the  spleen  and 
regional  lymph  nodes  of  infected  animals.  To  esiiiblish  that  the 
guinea  pig  keratoeonjunetivitis  model  can  be  used  to  measure 
local  immune  response  to  crilicitl  Shi^vUu  anligens  induced  by 
ini'eetion  and  to  extimine  the  timing  of  this  response,  an 
Ll.lSPC  r  tissay  was  used  to  detect  .V.  jlcxiwri  2a  ()-anligen- 
specilic  ASC  in  the  spleen.  PP.  and  regional  lymph  nodes  of 
guinea  pigs  ocularly  infected  by  .S'.  /Icxiicri  2a  strain  2457T.  The 
lymph  nodes  examined  were  the  MDLN,  MSLN,  and  SVCLN, 
which  drtiin  the  eye  and  other  head  regions. 

Animtils  were  infected  with  strain  24.57T.  and  O-aniigen- 
specitic  IgCi-.  IgA-,  and  IgM-ASC  were  measured  in  the 
spleen.  PP.  ;md  regional  lymph  nodes  in  one  or  two  animals  for 
each  time  point  for  I)  to  44  days  postinfection  (Fig.  1).  I'he 
spleen.  PP.  and  regiontil  lymph  nodes  from  two  uninfected 
animals  were  examined  on  day  0  for  background  counts  and 
were  negative  for  spccilic  ASC.  After  infection,  the  O-antigen- 
specilic  ASC  response  for  all  three  isotypes  peaked  around  12 
days,  dropped  by  1.5  days,  and  waned  by  .57  to  44  days 
poslinfection.  when  only  a  few  specific  ASC  were  obsei’ved. 

As  shown  in  Fig.  I.  the  mtijority  of  ()-antigen-speci(ic  A.SC 
were  located  in  the  SVCLN  and  the  spleen  8  to  12  days 
postinfection,  with  the  number  being  at  least  twolold  higher  in 
the  SVCLN.  By  days  15.  18.  ;md  28.  the  numbers  of  O-aniigen- 
specific  ASC  were  about  equal  in  the  spleen  and  SVCLN.  At 
till  time  points,  the  MSl.N  and  PP.  which  are  distal  to  the  site 
of  infection,  contained  only  a  few  spccilic  ASC  and  tire 
presented  combined  with  the  MDLN  as  "other"  in  Fig.  I. 

Local  immune  response  to  S.  Jlexneri  2a  O-antigen  after 
immunization.  The  local  immune  response  wtis  examined  in 
tmimals  immunized  with  and  without  ;i  boosting  dose  for  each 
route  of  iidministrtition  (M  and  M  B.  IPM  and  IPM-B.  IF’tind 
IP-B).  in  nonimmunized  animals  (NC).  and  in  animals  immu¬ 
nized  with  the  unrelated  polysaccharide  conjugate  vaccine 
(I PC).  O-antigen-specilic  IgCi-.  IgA-,  tind  IgM-ASC  were 
measured  in  the  spleen.  SVCLN.  MDI.N.  MSLN.  and  PP  1.^ 
days  after  Ihe  last  immuniztition  (I  day  prior  to  challenge)  in 
animtils  from  etich  protocol  group  (ii  =  2).  tis  shown  in  Fig.  2. 
Becituse  MDl.N.  MSl.N.  tind  PP  showed  only  scattered  spe¬ 
cific  ASC.  the  ASC  from  these  sites  are  shown  combined  under 
the  designation  "other."  Although  there  was  some  variation 
within  each  immunization  group,  cletir  patterns  of  ASC  re¬ 
sponse  emeige  from  the  data.  A  Iwo-way  ANOVA  (route  jM. 
IPM.  or  IP|  by  boosting  dose  Ipresence  or  absencel)  indicated 
significtint  di/fercnces  in  mean  ASC  counts  between  routes 
(IgG.  /’  =  11.1147;  IgA.  /’  =  0.1)24;  IgM.  /’  =  0.014).  There  was 
no  detectable  booster  etfect  and  no  evidence  that  booster 
elTects  depended  on  route  (no  interaction).  In  animals  receiv¬ 
ing  only  parenteral  immunizations  (IP  and  IP-B).  few  ()- 
antigen-specilic  ASC  were  detected  in  the  animals  receiving 
only  one  immunization  (IP),  while  specific  IgCi-ASC  were 
detected  in  the  spleens  of  animals  receiving  three  immuniza¬ 
tions  (IP-B).  fhere  was  little  O-antigen-specilic  IgA-ASC 
response  in  animals  from  either  the  IP  or  IP-B  group,  and  no 
specific  ASC  were  found  in  the  SVCLN.  In  contrast,  animals 
receiving  al  least  one  mucosal  immunization  (M.  M-B.  IPM. 
and  IPM-B)  had  significantly  (/’  <  11.001)  higher  numbers  of 
O-anligen-specilic  ASC  of  all  isoivpes  ihtin  lho.se  receiving 
only  parenieral  immunizations,  and  specific  ASC  were  found  in 
the  SVCl.N  as  well  as  in  the  spleens  of  these  animals.  These 
results  demonstrate  that  O-antigen-specilic  ASC  were  detected 
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DAYS  POSTINFECTION 

I'K).  I.  Ninnher  and  distribution  of  O-antigen-specilic  ASC  per  III'’ 
cells  found  in  Ihe  regional  Ivnipli  nodes,  Peyer's  palehes.  and  spleen 
after  ocular  infeelion  ot  guinea  pigs  with  .S'.  Ilcxiicri  2a  strain  2457T. 
O-antigen-speeifie  IgO-.  Ig.X-.  and  lgM-AS('  detected  in  the  spleen. 
Peyer's  patches.  ,uul  regional  lymph  nodes  were  determined  lor  each 
animal.  Kaekground  counts  were  determined  by  examining  ASC  in 
uninfected  tmimals  (animals  IIA  and  IIB);  these  counts  were  negative. 
Animals  were  examined  on  dtps  4  (tmimals  4.5  tmd  4H).  S  (tmimtiK  is..\ 
and  SB).  12  (animals  I2.'\  tmd  I2B).  15.  18,  28.  .15.  .17.  .in,  tmd  44 
posiinfeelion.  I  or  each  animal.  ASC  counts  were  determined  lor  the 
SVCl.N.  Ihe  spleen,  and  "other"  sites  (MSl.N.  MDl.N.  and  PP). 


ill  llic  lymph  nodes  drtiining  the  site  of  imnniiiiztilion  (i.c.. 
SVCLN)  only  if  there  wtis  ti  mucostti  immtmiztition.  Average 
A.SC  counts  for  the  IPM  group  were  somewhtil  higher  than 
those  for  the  M  groups  (M  or  M-B).  tmd  the  combined 
regimens  (IPM  tmd  IPM-B)  had  ti  Itirger  proportion  of  ()- 
antigen-specific  IgM-ASC  than  any  of  the  other  groups,  sug¬ 
gesting  enhanced  activtition  of  antigen-specilie  v  irgin  B  cells. 
.Avertige  Ig(i-  and  IgA-ASC  responses  were  somewhtit  in¬ 
creased  when  boosting  regimens  (M-B  and  IPM-B)  were 
adminislered.  Immunization  with  Ihe  I'lwumocoxcu^  polystie- 
chtiride  conjugtile  (I PC)  produced  no  ileteetable  O-tiniigen- 
specilic  A.SC '. 

Prntcclive  eHicucy  lifter  immunization.  Fourteen  dtiys  after 
the  Itisl  immuniztition.  Ihe  tinimtils  were  ehallengeil  with 
viruleni  .S'.  Ihwiirn  2ti  strtiin  24571.  The  results  of  the  chtillenge 
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FlCi.  2.  O-imligcn-spctilit  ASC  counts  per  10"  cells  14  days  postini- 
tmini/alioti.  Two  (three  in  the  aisc  of  the  IPM  group)  animals  from 
each  immuniziition  group  (described  in  Table  1)  were  analyzed.  For 
each  aniniid.  positive  IgCi-.  IgA-,  ;ind  IgM-ASC  counts  were  deter¬ 
mined  for  the  SVCLN,  the  spleen,  ;md  "other"  sites  (MSLN.  MDl.N. 
and  PP). 


studies,  iissessed  by  the  rating  of  the  .severity  of  keratoconjunc¬ 
tivitis.  tire  summarized  in  Tabic  2.  Statistically  significant 
reductions  in  severity  from  that  of  nonvaccinated  animals  (NC) 
were  obtained  in  till  cases  when  the  vaccine  regimen  contained 
a  mucosal  immunization  with  the  EcSf2a-2  vaccine  (either  M. 
M-H.  IPM.  or  IPM-B  compared  with  NC:  maximum  /'value. 
0.()2;  Wilcoxtm  rank  sum  test).  When  the  parcntcrally  admin¬ 
istered  .S',  flcxnvri  O-antigen  eonjugate  vaccine  was  given  alone 
(IP)  or  boosted  (IP-B)  or  when  the  unrelated  polysttccharide 
conjugate  vaccine  (IPC)  was  given,  infection  severity  was 
essentially  identical  to  that  seen  in  nonimmunized  control 
animals  (NC).  By  using  a  two-way  ANOVA,  the  ovenill  effect 
of  route  of  administrtition  (M.  IP.  or  IPM)  on  protection  rtitcs 
was  highly  significant  (/'  <  O.OdOl).  Although  the  overall 
difference  between  btiosted  and  nonboosted  protoctrls  was  not 
significiint  (/'  =  0.08.4).  there  was  it  significant  interaction  effect 
(/'  =  0,040)  due  to  the  booster  effect  seen  only  in  the  mucosal 
group  (M.  M-B),  i.e.,  a  boosting  dose  in  the  mucosal  grttiip 
(M-B)  signilicantly  increjised  protection  over  that  of  the 
nonboosted  group  M  (M  versus  M-B.  /’  =  0.0.41).  Notably, 
there  was  no  significant  difference  (/'  =  0.827;  Wilco.xon  ruiik 
sum  test)  between  the  protection  tichieved  with  the  non¬ 
boosted  combined  regimen  (IPM)  and  that  ttbtained  with  the 
boosted  mucostil  regimen  (M-B).  and  both  IPM  :md  M-B 
regimens  gave  signilicantly  grctitcr  protection  than  the  M 
immunization  regimen  alone  (IPM  versus  M.  /’  =  0.f).4f>;  M-B 
versus  M.  /'  =  0.041).  Thus,  the  combined  regimen  (IPM) 
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"  Chiillcnec  was  made  2  weeks  atier  the  last  imnuini/aiii’n  with  5  tlP  Cl  l' 
i>l  .S'.  Ilcxiurt  2a  strain  24571'  in  each  e\e. 

I’rnUKxds  are  ilestriheti  in  'I'ahle  I. 

■  Severity  raiiniis;  0.  nn  disease  in'  mild  iriiiation;  1.  mild  keraloeoniuneiivilis 
<»r  lale  develiipmcnt  and  nr  rapid  elearine:  2.  keratnenninneiiv  il/s.  In/I  nn 
purulence;  .V  lull)  developed  keraloeonjunetiv itis.  with  purulenee. 

''  ProJeelimi  was  deJined  as  loliows;  lull,  no  disease  or  mild  initiition  (score  ol 
(M;  partial,  mild  keratoconjunelivilis  or  late  development  and  or  rapid  elciirin^ 
(scurc  ol  1 1:  combined.  Itill  or  partial  protection  (score  ol  d  or  I ). 

•  Values  in  parentheses  are  pereeniaiies. 


achieved  prolcclion  eomptirable  to  lhat  obtained  with  the  M-B 
regimen  without  the  necessity  of  a  boosting  immunization.  The 
addition  of  a  boosting  dose  tit  the  combination  regimen 
(IPM-B)  did  not  significantly  incretise  protection  over  thttt 
seen  in  animals  receiving  the  IPM  regimen  (/'  =  0.41). 

Hwmologdus  priming  needed  in  combination  regimen  for 
enhanced  protective  efficacy.  To  determine  whether  the  prim¬ 
ing  influence  of  the  ptirenierally  administered  O-antigen- 
protein  conjugate  was  the  result  of  serolype-specihc  stimula¬ 
tion.  a  heterologous  .V.  sonnei  O-antigen  eonjugttte  was  used  in 
the  initial  parenteral  immunization  (IPM-son).  The  protective 
efficacies  and  local  immune  responses  were  compared  between 
these  animals  and  animals  immunized  by  regimen  1PM  by 
using  the  homologous  O-antigen  conjugate  (Table  4).  Animals 
from  the  IPM-son  group  did  not  produce  an  ASC  response 
comptirablc  to  that  found  in  the  1PM  animals  (Table  4). 
Although  the  infection  severity  scores  in  the  heterologous 
group  (IPM-son)  were  signifieantly  less  than  those  of  nonim¬ 
munized  animals  (/'  =  O.OIfi:  Wilcoxon  rank  sum  test),  they 
were  signilicantly  greater  than  those  of  the  homologous  group 
(i.e..  1PM;  /'  =  O.OOh).  The  corresponding  observed  protection 
rates  were  48'")  (4  of  8  animals)  for  the  IPM-son  group  and 
lot)''/  (8  of  8  animals)  for  the  1PM  group,  indicating  lhat 
homologous  priming  is  necessary  for  thv  enhanced  protective 
efficacy  observed  in  the  1PM  animals. 

Combined  subculaneous-mucosal  immunizations  produce 
enhanced  protective  efficacy.  To  further  explore  the  enhanced 
protective  efficacy  observed  in  the  combined  parenteral-muco¬ 
sal  immunization  regimen,  additional  experiments  using  three 
combined  subcutaneous-mucosal  regimens  (IPM-SC.  IPM-B- 
SC.  and  MIP-SC;  Table  1)  were  performed.  Fourteen  days 
after  the  last  immunization,  animals  were  challenged  with  the 
virulent  S.  jlcxiuri  2a  strain  24.s7'r.  The  results  of  this  chal¬ 
lenge.  shown  in  Fable  4.  indicated  that  signilicantly  greater 
prolcclion  against  virulent  challenge  than  that  seen  in  control 
animals  (NC)  was  observed  for  all  of  the  combined  reuimens 
(IPM-SC.  /’  =  0.1)14;  IPM-B-SC.  /’  =  0.04;  MIP-SC.  /’  ="(1.047) 
and  for  M-B(a)  (/’  =  0.000;  Wilcoxon  rank  sum  test),  in  which 
animals  received  primary  and  boosting  doses  of  |■.cSf2a-2,  No 
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I'AHl  l'  4.  I’rolcclisc  cHicacv"  and  liical  ininunu'  response''  alter  homologous  and  heleiologons  priming  in  conihination  regimens 
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proteeiion  levels  are  deseriheil  In  I'ahle  2.  hioincUes  ,  ami  J. 

Average  number  o!  O-antigen-speeilie  .ASl '  jier  |()'“  eells  Irom  the  spleen.  SV(  1  N.  1*1*.  Ml  )1  N.  ami  MSI  N  I  ilavs  j>osiiinmuni/atliHi  Im  three  ( II’M )  ami  ivvu 
1  ll*M-sonl  animals. 

'  I’rotiK'ols  are  deseribetl  in  Table  1. 

'  Values  in  paienlheses  are  pereentages. 


protection  against  virulent  challenge  vv;is  ohsened  in  the  group 
immunized  twice  with  the  protein-polysaeeharide  conjugate 
vaccine  (IP-B-SC  ).  Protection  in  animals  immunized  by  the 
IPM-SC  regimen  was  comparable  to  th;it  observed  in  animals 
immunized  by  the  M-B{a)  regimen.  I  he  results  ol  the  experi¬ 
ments  shown  in  Tables  2  and  4  show  that  a  primaiy  combined 
parenteral-mucosal  immunization  regimen  using  either  the  i.p. 
or  s.e.  route  for  the  parenteral  immunization  produces  en- 
hiineed  protection  against  challenge  without  the  tiddition  of  a 
boosting  immunization.  The  MIP-SC  reginten,  although  pro¬ 
ducing  signilicant  protection  over  th;it  observed  in  the  control 
iinimtils.  did  not  produce  the  enhtineed  protection  observed  in 
the  IPM-SC'  group  (MIP-SC,  .s()C;  IPM-SC,  KKIC).  These 
results  indicate  the  importtmee  of  timing  and  order  (i.e.. 
mueostil  and  then  parenteral  or  ptirenleral  ;ind  then  mucosal) 
of  the  immunizations  in  the  combined  regimens. 

Local  immune  response  to  .S',  flexneri  2a  O-antigen  after 
challenge.  Two  animtds  from  each  immunization  regimen  were 
saeriliced  7  or  S  days  after  challenge  with  virulent  S.  Jlcxiicri  2a. 
iind  the  numbers  of  ()-aiitigen-specific  ASC  in  the  spleen.  PP. 
and  regiontil  lymph  nodes  were  determined  (Fig.  .4).  Ihe 
hirgest  numbers  of  postchtillenge  O-antigen-specitie  ASC  were 
found  in  the  animtils  which  hatl  been  immunized  three  times 
i.p.  with  the  .S',  fh’.xiuri  2a  polysaeeharide-protein  eonjugiite 
vaccine  (IP-H).  Animals  receiving  the  IP-B  regimen  h;id  sig- 
nifictintly  higher  numbers  of  speeilie  IgCi-ASC  than  those 


found  in  the  M-B  animtils  (average  lg(i-ASC  count.  I.4.S<S 
versus  4.sS.  respectively)  and  although  the  dillerences  in  spe¬ 
eilie  IgA-  tmd  IgM-ASC  counts  were  not  signilicant.  these 
dillerences  were  also  about  threefold  higher  than  those  found 
in  the  M-B  group  (avertige  IgA-ASC  count,  I.IISI  versus  .448: 
average  IgM-ASC  count.  1.21)0  versus  2.4,4).  In  tiddition,  more 
than  .‘40'' f  of  the  postehtillenge  O-antigen-specilic  ASC  were 
located  in  the  SVCLN.  These  results  suggest  that  this  conju¬ 
gate  vaccine  suecessfully  primed  the  immune  system,  hut  since 
local  priming  ;il  ihc  site  of  infection  did  not  occur  prior  to 
chtillenge.  the  secondary  response  seen  after  infection  was  too 
late  to  provide  proleclion.  The  second  highest  ASC  counIs 
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receiving  the  other  boosting  regimens  (IP-B  versus  M-B.  /'  = 
0.027;  IP-B  versus  IPM-B.  )’  =  0,00.‘42).  In  fact,  the  Ig(i-ASC 
count  for  the  IP-B  animals  was  threefold  higher  than  Ihiit 


TABI.F  4,  Vaccine  cHicacv  against  virulcnl  challenge"  in  cninhincil 
regimens  using  siibeulaneinis-nuiedsal  imnuini/alion 
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"  Animals  were  chalkneeil  2  weeks  alter  the  lasi  iiniinmi/ation  wilh  .■>  ■  III'' 
( 'l  l  I  ol  ,S.  flcxncn  2a  strain  24571  per  ml  per  eve.  Seve  ritv  latines  anil  proleetion 
levels  are  ileseribeil  in  Table  2;  lootnotes  (  aiul  d 
l*iotoeois  are  ilesenbeil  in  fable  1. 

'  Values  111  parentheses  ire  pereentaees. 


I  Ki.  3.  ()-;itiliuL‘ii-s|X'ci1ie- ASC  e’outils  per  MT' ex'lK  N  ilii\s  posiin- 
fccfiitn.  fwir  .-inttnal.s  Trorn  c;t<.'h  itnntitni/nlion  uroup  (ilcscrihcil  in 
I'nblc  I)  were  iinaly/eil.  l  or  eaeli  atiitiial.  positive  Iu(»-.  \p\-.  atul 
liiM  ASC  eminls  were  iletennineil  lor  llte  SV'Cl.N.  ihe  spleen,  ami 
"oilier"  sites  (MSI.N,  Ml)l  N,  aiul  Pi’) 
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FIG.  4.  Scrum  untibody  liters  against  .S',  //c.wcri  2a  G-antigen  1.4  days  after  immuni/talion.  four  animtils  Inun  eaeli  immunization  group 
(described  in  Table  1 )  were  analyzed.  The  geometric  mean  titers  for  serum  IgG.  IgA.  and  IgM  are  show  n.  Background  titers  were  determined  from 
preimmunization  bleeds  for  each  aniniiil  (<.s(l  for  IgO;  <2.S  for  lgz\  ;md  Ig.M)  and  used  to  ealeulale  endpoint  tilers  as  described  in  .Materitils  and 
Methoils.  Standard  des  ititions  of  the  means  tire  indietiled. 


occurred  in  animals  immunized  by  protocol  IPM-B  (average 
IgG-ASC.  IgA-ASC.  and  Ig.VI-ASC  counts  were  848.  671.  ;md 
.S(I2.  respectively),  suggesting  that  the  parenteral  immunization 
in  this  group  might  hiivc  increased  the  priming  response. 
Animals  that  received  only  a  primary  immunization  in  the 
vaccination  regimen  (M.  IP.  and  I  PM)  did  not  htive  a  higher 
proportion  of  postchallenge  O-tintigen-speciftc  IgG  ASC.  as 
was  seen  in  the  animals  with  a  boosting  regimen  (M-B.  IP-B. 
and  IPM-B).  Animals  that  received  a  combination  of  paren¬ 
teral  and  mucosal  immunization  with  no  boost  had  a  higher 
proportion  of  O-antigen-specific  IgA-ASC  than  those  that 
received  other  regimens. 

.Serum  response  after  immunization.  The  serum  antibody- 
response  against  .S'.  Ilc.xncri  2a  LPS  was  examined  with  and 
without  a  boosting  dose  tor  etich  route  of  administratk)n  (M. 
M-B:  IPM.  IPM-B;  IP.  IP-B).  for  nonimmunized  animals 
(NC).  and  for  tinimals  immunized  with  the  unrelated  polysac¬ 
charide  conjugate  vaccine  (I PC').  The  serum  IgG.  IgA.  and 
IgM  geometric  mean  titers  {/i  =4)  are  shown  in  Fag.  4.  A 
two-way  ANC3'VA  comparing  routes  (M.  IPM.  and  IP)  with  or 
without  boosting  indicated  a  highly  significant  boosicr  elicci 
tor  each  isotype  as  evidenced  by  increased  geometric  mean 
titers  (minimum  of  10-fold)  in  the  boosted  regimens  (IgCi.  /’  < 
O.OOO.S:  IgA.  r  <  (I.OOO.s;  IgM.  /'  <  0.(100.8).  Although  a 
boosting  dose  increased  the  serum  response  for  all  three 
routes,  the  degree  of  increase  saried  with  route,  indicating  that 
there  was  interaction.  Within  the  groups  receiving  a  mucosal 
immunization  (M.  M-B.  IPM.  tiiid  IPM-B),  there  was  no 
significtint  difference  (P  >  0.0.8)  for  any  isotype  in  geometric 
mean  titers  between  M  and  IPM  or  between  M-B  and  IPM-B. 
However,  animals  receiving  mucosal  immunizations  without 
boosting  (M  and  IPM)  had  significantly  greater  geometric 
mean  titers  compared  with  those  receiving  a  single  parenteral 
immunization  (IgCi,  .404  versus  4.4.  P  =  0.040:  IgA.  .41.8  versus 
0.  /’  <  0.0001;  IgM.  740  versus  1.40,  /'  =  0.02^1).  Geometric 
mean  tilers  for  IgA  and  IgM  for  boosted  mucosal  protocols 
(M-B  and  IPM-B)  were  significantly  higher  than  those  found  in 
ft’c  boosted  parenleral  protocol  If’  B  (Ig.A.  .4.080  versus  t‘).  /’ 
=  0.0004;  IgM,  0..826  versus  2. .806.  P  =  0.07).  Notably,  there 


was  no  detectable  IgA  response  when  a  single  parenteral 
immunization  was  used  alone  (IP),  and  in  the  boosted  paren¬ 
teral  regimen  (IP-B).  the  postimmunization  IgA  titer  was 
minimal  (<100).  These  results  suggest  an  association  between 
immunization  route  and  IgA  response.  However,  there  was  no 
apparent  correlation  between  O-antigen-specific  scrum  tinti- 
body  levels  and  protection.  For  example,  the  1PM  animals  had 
serum  antibody  liters  compartible  tti  those  found  in  the  M 
group  of  animals  tind  lower  than  those  found  in  the  M-B 
animals,  but  protection  in  the  IPM  animals  was  equal  to  that 
found  in  the  M-B  animals  and  signilicanily  greater  than  that 
found  in  the  M  animals.  1  here  were  significantly  higher  IgG 
titers  in  the  animals  f  rom  the  IP-B  group  than  in  the  animals  of 
the  boosted  mucosal  protocols  M-B  and  IPM-B  (.41. .448  versus 
.4.,468.  P  -  (1,022).  indicating  that  the  polysaccharide-protein 
conjugate  vaccine  administered  parenterally  stimulated  anti- 
gen-specific  IgG  production.  In  the  animals  receiving  the 
unrelated  polysaccharide  conjugate  vaccine  (IPC).  there  was  a 
small  rise  in  IgM  liter  (<)00).  possibly  representing  stimula¬ 
tion  of  nonspecific  IgM  antilutdies. 

DISC  I  SSION 

Several  varitibles,  including  the  route  ttf  administration,  the 
frequency  and  timing  of  immunization,  and  previous  cxptisure 
to  homologous  strains,  can  inlluence  the  immune  response  to 
protective  antigens  and  thus  the  protective  ellicacy  alforded  by 
a  vaccine  (I.  14).  In  the  current  study,  the  guinea  pig  kerato¬ 
conjunctivitis  model  was  used  to  examine  the  importance  of 
the  route  of  immunization  (mucosal  versus  parenteral),  the 
form  of  antigen  presented  (live  attenuated  strains  versus 
()-anligcn-prolein  conjugate),  and  the  frequenev  of  immiini- 
zalivm  (primary  versus  boosting  immunizations)  on  the  devel¬ 
opment  of  protection  against  Shiiiclki  infection  in  naive  ani¬ 
mals,  The  local  immune  response  to  the  LPS  O-antigen 
induced  by  immunization  or  by  infection  was  assessed  by 
detecting  the  O-antigen-specilic  .ASC  in  the  lymph  nodes 
,ir:iinin<;  (he  conjiinctivae  (i.e..  SVCI  N)  ■ind  in  the  spleen.  PP. 
and  other  regional  Ivmph  nodes. 
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Our  results  iin.liLalcd  that,  in  iitiivc  animals,  a  mucosal 
immimi/aiioii  \  ia  the  eonjimetival  memhrtme  was  required  lor 
a  stronj;  O-antigen-speeilie  ASC'  response  in  the  SVC'l.N  and 
lor  protection  attainst  inleetion.  A  hoitsting  mucosal  vaeein;i- 
tion  increased  protective  ellieaey.  I’arenteral  immuni/ation 
alone  with  ;m  ()-antigen  suhunii  vaccine  did  not  stimufate  an 
O-antigen-speeilie  ASC  response  in  the  SVC'l.N  even  alter 
three  immuni/iiiions  and  did  not  protect  ttgtiiitsi  challenge  by 
\irulent  shigelhie.  These  results  emph;isi/e  the  eorrelalir)n 
between  the  presence  oT  ()-;miigen-s|reeilie  ASC  in  the  SV- 
CI.N  and  protection  tigtiinst  disetise.  However.  ;i  combined 
ptirenleral-mueosal  immunisation  regimen,  with  either  an  s.e. 
or  i.p.  immuni/ation  rollowed  by  ;i  mueostil  immuni/tiiion. 
elicited  enhaneetl  protection  against  Sliii;i‘llii  challenge  without 
the  iitldition  ol  a  boosting  immuni/tition. 

Previous  studies  reported  ;i  possible  correhition  between 
O-antigen-speeilie  serum  tmtibody  levels  and  protection  ttgainsi 
disciise  (2.  4).  but  recent  evidence  indietited  that  serum  levels 
may  be  only  a  partitil  rellection  oT  immtinity  to  disease  (.^).  In 
this  study,  there  was  no  apptirent  correhition  between  levels  of 
serum  antibody  and  protection  against  disease,  l  or  example, 
the  combined  mucosal-parenteral  regimen  (IPM)  produced 
signilieantly  greater  protection  against  disease  than  the  mucosal 
immuni/ation  (!V1).  hut  animals  vticcinated  by  the  IPM  regimen 
did  not  have  signilieantly  higher  O-antigen-specilic  serum  an¬ 
tibody  titers  for  any  isotype.  It  should  be  noted  that  serum  IgA 
levels  were  sigmiietmlly  higher  in  animtils  receiving  a  mucosal 
immuni/ation.  but  there  was  no  signitieant  correlation  betvveen 
serum  Ig/\  levels  and  protection. 

Lxamintilion  of  antigen-specific  ASC  after  oral  cholera 
vaccination  in  humans  showed  that  the  number  of  ;mti-cliolera 
toxin  H  stibuttit  ASC  in  the  peripheral  blood  mononueletir  cells 
was  considerably  lower  lhan  that  in  the  duodcj);il  mttcosa  (.42). 
These  Tmdings  are  iti  agreement  with  results  found  in  the 
cynomolgus  monkey  model  of  trachoma  where  the  local  im¬ 
mune  response  found  in  chhitnydia-infeeted  monkeys  was 
higher  in  ;!ie  regional  draining  lymph  "-''tes  and  conjm  '•'ivao 
than  in  the  peripheral  blood  mononuclear  cells  and  more  distal 
nodes  (2S).  In  the  guinea  pig  kei.itoconjunctivitis  model, 
antigen-specilic  activated  H-lymphoeytes  can  be  quantitated  in 
the  SVCl.N.  the  regional  lymph  nodes  draining  the  conjuncti- 
vae.  as  well  as  in  the  spleen  and  more  distal  nodes,  and  in  this 
study,  the  presence  of  ()-atitigen-speeilie  ASC  responses  in  the 
SVCl.N  w;is  tissoeiated  with  protection.  These  results  demon¬ 
strate  that  measurement  of  the  local  immune  response  in 
lymphoid  tissue  associated  with  the  site  of  immuni/ation  may 
be  a  better  predictor  of  vaccine  ellieaey  and  imniunogenicity 
th;m  measurement  in  distal  sites.  Tor  initial  vaccine  cv;ilu;i- 
tions.  such  studies  can  be  done  more  easily  in  an  appropriate 
aninuil  model. 

The  enhtmeed  protective  ellieaey  shown  by  the  _ ibined 

parenteral-mucosal  immuni/ation  regimen  used  in  this  study  is 
in  agreement  with  previous  work  with  .S7i/gc//n  spp.  (22).  cnli 
hcal-labile  entcrotoxin  (2.4).  and  cholera  toxin  (.40).  showing 
that  parenteral  priming  followed  by  a  mucosal  immuni/ation 
enhanced  mueosal  immune  responses  and.  in  the  cholera  toxin 
study,  protection.  However,  it  should  be  noted  that  other 
studies  have  indicated  that  parenteral  priming  had  tio  elfeci  on 
subsequent  immune  responses  ( 14)  or  was  suppressive  ( 1.4.  2‘). 
.41).  although  Pierce  did  observe  that  the  suppressive  elfeci  of 
parenteral  immuni/ation  was  largely  reverseil  by  a  subsequent 
enteric  immuni/ation  (2')).  Since  it  has  been  suggested  that 
priming  for  a  mueosal  response  is  alfeeted  by  dosage  number 
anil  interval  as  well  as  immuni/ation  route(s)  (2‘)).  further 
stuilies  to  determine  optimum  immuni/ation  regimens  should 
he  made. 


It  is  interesting  to  note  that  there  was  a  larger  proportion  of 
O-antigen-speeilie  lglVI-/\SC  evident  postimimmi/tition  in  the 
animals  from  protocol  IPM.  suggesting  that  dilferent  eompart- 
menls  of  antigen-specilic  v  irgin  If  cells  had  been  stimulated  by 
the  two  routes  of  immuni/ation.  The  use  of  alum  as  an 
adjuvant  in  tiie  parenteral  intmnni/ntion  would  also  likely 
increase  the  magnitude  of  the  priming  response.  This  would 
potentially  result  in  a  larger  population  of  antigen-activated  If 
cells  avaihible  at  the  lime  of  challenge  lhan  is  found  when  only 
one  route  of  immuni/ation  is  used  and  could  contribute  to  the 
enhanced  mucostil  response  and  protection  observed  in  the 
animals  immuiii/ed  by  the  comhined  parenteral-mueosal  reg¬ 
imen.  Since  a  combination  parenteral  and  oral  vaccination 
regimen  h;is  the  potential  to  increase  local  immune  responses 
and  enhance  protective  elTieaev  with  fewer  inoculations,  adili- 
lional  studies  with  this  combined  regimen  are  planned. 

The  higher  numbers  of  O-antigen-speeilie  ASC  found 
postchallenge  in  the  IP-lf  animals  suggests  that  the  immune 
svstem  hail  been  sulTieiently  primed  to  produce  a  large  second¬ 
ary  response  in  the  lymph  nodes  draining  the  site  of  infection. 
However,  since  there  was  no  local  priming  prior  to  infection, 
migration  of  0-antigen-speci(ic  ASC  to  the  SVCl.N  was  loo 
late  to  provide  protection  against  disease.  It  has  been  shown  in 
other  systems  that  prev  ious  exposure  to  a  mueosal  pathogen 
can  be  stimulated  after  a  parenteral  injection.  Tiarlier  studies 
showed  that  Pakistani  women  with  prev  ious  exposure  to  chol¬ 
era  responded  with  incrcasct.1  secretorv  IgA  tilers  in  breast 
milk  after  ;i  parenteral  cholerti  immuni/ation  while  no  such 
rise  in  secretory  IgA  liters  was  seen  in  Swedish  women  who 
h;td  no  previous  exposure  to  cholera  (.4d.  411).  In  popuhitions 
where  SJiif’clIii  infectiim  is  a  common  I'ccurrenee.  it  is  possible 
that  p;irenier;il  immuni/ation  c;in  stimulate  imimmologietil 
memory  from  earlier  exjtosure  to  homologous  strtiins.  This 
possibility  e;m  be  testeil  in  this  model  hy  ptirentertilly  immu- 
nizing  prev  iously  infected  tmimals  with  the  protein-polysiiechti- 
ride  conjugate  vnecine  or  with  hetil-killed  shigelhie  and  meti- 
snring  the  <">-antieen-speciTtc  ASC  response. 

'The  experiments  reported  here  indicate  that  frequenev  and 
route  of  immunization  and  the  form  of  the  tintigen  are 
important  vtiritibles  alfeeting  the  development  of  proteetion 
against  .S7;/g(7/(/  infection  in  the  guinea  pig  keratoeoniunctiviiis 
model.  The  results  of  this  study  emphtisi/e  the  imporianee  of 
mueosal  immunization  in  the  development  of  protective  im¬ 
munity  in  naive  animals,  Turiher  experiments  using  this  model 
can  provide  valuable  inlormation  on  the  ability  ol  immuniza¬ 
tion  regimens  to  stimulate  a  local  immune  response  anil  confer 
protective  immunity,  although  it  shoulil  be  emphasized  that 
any  animal  model  should  be  used  only  as  a  guide  for  lests  in 
humans. 
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